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Arsenic is a known environmental pollutant that is detrimental to health. In this study, the effect of ethanol stem bark extract of Irvingia gabonensis (ESEIG) against sodium arsenite-induced hepatotoxicity in Wistar rats was investigated. Wistar albino rats of weights between 100 and 179g were assigned to eleven (11) groups of five (5) animals each. Group 1 (control) was given feed and water ad libitum. Group 2 was exposed to sodium arsenite (SA) at a dose of 4.1 mg/kg body weight (kgbw) for two weeks. Groups 3-11 were treated with ESEIG with or without SA. Treatment was done orally and lasted 28 days. Serum activities of AST, ALT, ALP, GGT as well as total bilirubin, (TBIL) and direct bilirubin, (DBIL) concentrations were assayed in serum in addition to histological assessment of liver tissues. Exposure to SA caused significant (p˂0.05) increases in all assayed parameters as well as histological anomalies such as vascular congestion and ulceration, infiltration of inflammatory cells and Kupffer cell activation when compared with control. However, treatment with ESEIG both simultaneously and 2 weeks after SA exposure, reversed the deleterious effects of SA. Paradoxically, administration of the ESEIG alone at different doses produced significant (p˂0.05) increases in all assayed parameters when compared with control except TBIL. The results obtained in this study suggest that ESEIG may be protective against SAinduced hepatotoxicity in Wistar rats and slightly toxic when administered alone, necessitating further studies. 
Groups

Termination of Treatment, Collection of Blood Samples and Extraction of Liver Tissues
After the last treatment, all experimental animals were fasted overnight with access to water only, and their final body weights were obtained. The experimental animals were sacrificed under chloroform anesthesia by lower abdominal incision about 24 h after the last treatment. Blood samples were obtained by cardiac puncture using sterile syringes and needles and collected in sterile plain sample bottles for analyses. Sera were obtained from clotted blood samples in the plain bottles by centrifugation using a table top centrifuge (Model 800-1, Zeny Inc.
Salt Lake, USA) at 3000 rpm for 15min. Separated sera were stored in the refrigerator at 4 0 C prior to analyses.
Liver tissues were excised from the sacrificed experimental animals and rinsed with 1.15% ice cold potassium chloride (KCl, BDH, Poole, England) solution to remove traces of blood before weighing. A small portion of the excised liver was fixed in 10% neutral buffered formalin for histological assessment.
Liver Function Assays
Teco diagnostics assay kits (Anahaema, USA) were used for the determination of serum activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and gamma glutamyltransferase (GGT) as well as the concentrations of total and direct bilirubin. Aspartate aminotransferase (AST) activity was determined according to the method of Young [30] while serum alanine aminotransferase (ALT) activity was determined according to the method of Young, et al. [31] . Serum alkaline phosphatase (ALP) activity was determined according to the method of Kochmar and Moss [32] serum gamma glutamyltransferase (GGT) activity was determined according to the method of Young, et al. [31] . Serum total bilirubin (TBIL) and direct bilirubin (DBIL) were determined according to the method of Tietz [33] .
Histological Assessment of Liver Tissues
Haematoxylin and eosin staining method (H&E) as described by Drury and Wallington [34] was used to prepare the liver tissues for histological assessment. After staining of tissues for histological studies, sections were viewed and examined under a Leica DM500 microscope and results were reported by a Consultant
Histopathologist. Photomicrographs were taken using an attached Leica ICC50 digital camera.
Data Analysis
Results obtained are presented as mean ± standard deviation (SD) and were analysed with one -way analysis of variance (ANOVA) for differences between groups with the aid of SPSS software (IBM, version 20). Values of p˂0.05 were considered statistically significant.
RESULTS
Effect of Ethanol Stem Bark Extract of Irvingia gabonensis O'Rorke Baill on Liver Function of Experimental Rats in
Presence or Absence of Sodium Arsenite Toxicity
Results obtained showed that administration of sodium arsenite (group 2) led to significant (p˂0.05) increases However, administration of ethanol stem bark alone at various doses led to no significant (p˃0.05) differences in serum TBIL concentrations when compared with the normal control. The results are shown in Table 2 . Data are expressed as mean ±SD, n=5; a= mean difference is significant at p≤0.05 when compared with group 1; b= mean difference is significant at p≤0.05 when compared with group 2 c= mean difference is significant at p≤0.05 when compared with group 3; d= mean difference is significant at p≤0.05 when compared with group 4 e= mean difference is significant at p≤0.05 when compared with group 5; f= mean difference is significant at p≤0.05 when compared with group 6; g= mean difference is significant at p≤0.05 when compared with group 7; h= mean difference is significant at p≤0.05 when compared with group 8 i= mean difference is significant at p≤0.05 when compared with group 9; j= mean difference is significant at p≤0.05 when compared with group 10 k= mean difference is significant at p≤0.05 when compared with group 11. 
Effect of Ethanol Stem Bark Extract of Irvingia gabonensis O'Rorke Baill on Liver Histology of Experimental Rats in
DISCUSSION
The liver is an important organ for drug and xenobiotic toxicity (including arsenic toxicity) because most orally ingested xenobiotics and drugs pass through the liver where some are metabolized into toxic intermediates [35] [36] [37] . Assessment of liver function is done by evaluating the levels of some biomarkers in the blood and in the liver. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) belong to the transaminase family of enzymes. ALT catalyzes the transfer of amino group from L-alanine to α-ketoglutarate forming pyruvate and Lglutamate. On the other hand, AST catalyzes the transfer of amino group from L-aspartate to α-ketoglutarate forming oxaloacetate and L-glutamate in a reaction referred to as transamination reaction [38] . They are largely found in the liver and small amounts are also found in some other tissues of the body [39] [40] [41] [42] [43] . An injury to the liver which may be due to exposure to toxic substances, leads to an elevation in blood levels of AST and ALT. The levels of these enzymes in the blood are therefore directly related to the extent of the tissue damage [43] [44] [45] [46] .
In the present study, administration of sodium arsenite alone produced significant elevations in serum AST and ALT levels when compared with control. This may be attributed to damaged structural integrity of the liver orchestrated by sodium arsenite, culminating in the leakage of these enzymes into the blood stream. This indicates that sodium arsenite induced hepatocellular necrosis in the exposed experimental animals [47] and it is consistent with findings from previous studies [48, 49] . Alkaline phosphatases are enzymes that catalyze the hydrolysis of organic phosphate in several molecules like nucleotides, proteins and alkaloids at alkaline pH, hence the name alkaline phosphatase [50] . Tissue-nonspecific alkaline phosphatases (TNSALPs) occur in several tissues but are particularly high in concentration in skeletal, hepatic and renal tissues as well as intestinal wall and placenta [51, 52] . Elevation of serum ALP activity indicates the presence of diseases such as liver and bone diseases [53] . Elevated serum ALP levels may also be indicative of bile duct obstruction [52] . Serum ALP activity may also be elevated due to primary neoplasm at site other than liver and non-neoplastic hepatobiliary diseases, such as in xenobiotic-induced hepatoxicity [54] .
glutathione, in the main mammalian cells [55, 56] . It is produced in several tissues but a higher percentage of GGT in serum is derived from the liver [57] . The determination of serum GGT activity is a well established diagnostic test for hepatobiliary diseases, and it's used as a sensitive marker of liver damage. Elevated serum GGT activity is associated with diseases of the liver, biliary system and pancreas [58, 59] . High level of GGT has been reported to be a marker of metabolic syndrome [60] . Documented evidence has shown that the liver (the primary source of circulating GGT) is a major target organ for the development of metabolic syndrome. A high level of GGT is closely associated with hepatic steatosis [61] [62] [63] [64] which in turn is strongly associated with metabolic syndrome [65] [66] [67] [68] [69] . Furthermore, GGT is an early predictive biomarker for various hepatic diseases and life-threatening cancers alongside other disease conditions such as atherosclerosis, heart failure, arterial stiffness and plaque and gestational diabetes [56] .
In the present study, administration of sodium arsenite alone produced significant elevations in serum ALP and Bilirubin is the end product of haemoglobin breakdown [47] and serves as a biomarker of liver and blood disorders. Serum bilirubin is a mixture of α, β, γ and δ fragments which are unconjugated, singly conjugated, doubly conjugated and covalently bound to albumin, respectively. Conjugated bilirubin is also referred to as direct bilirubin [70] . An elevated serum bilirubin level indicates the presence of liver disease and conjugated hyperbilirubinemia (high levels of serum conjugated bilirubin) occurs in disease conditions such as hepatocellular damage, viral hepatitis and toxic or ischemic liver injury [47, [71] [72] [73] .
In the present study, administration of sodium arsenite alone produced significant and non-significant increases in serum total bilirubin (TBIL) and direct bilirubin (DBIL) concentrations when compared with the control. This suggests the interference with the transport function of the liver by sodium arsenite [47] . Histopathological assessment of liver tissues showed that there were no visible lesions in the liver of the animals in the control group. In contrast, exposure to sodium arsenite alone produced vascular congestion and ulceration, infiltration of inflammatory cells and moderate Kupffer cell activation. On administration of graded doses of ethanol stem bark extract, 14 days later and simultaneously, there was mild amelioration of the hepatitis with the first modality and a better amelioration with the simultaneous treatment. This is consistent with findings from previous studies on the hepatotoxicity of sodium arsenite [74, 75] .
Generally, co-administration of sodium arsenite and ethanol stem bark extract of Irvingia gabonensis O'Rorke Baill showed potential protective effect of the extract. However, administration of the ethanol stem bark extract alone at various doses indicated a potential toxicity of the same extract when compared with control, which was a common trend in almost all the assayed parameters. It is therefore possible that sodium arsenite exerted antagonistic effect on the ethanol stem bark extract which manifested as protective effect when compared to group
